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Introduction

	 Cholangiocarcinoma (CCA) is an aggressive type 
of cancer that originates from the bile duct epithelium. 
Cases of CCA are increasing worldwide (McLean and 
Patel, 2006). In Thailand, the highest incidence is in the 
northeast region and is primarily associated with chronic 
infection with the liver fluke, Opisthorchis viverrini (Ov) 
(Haswell-Elkins et al., 1994; Sripa et al., 2007). At present, 
only surgical resection of all detectable tumors leads to an 
improvement of the five-year survival. Surgical resection 
is often incomplete and typically results in subsequent 
local recurrence and metastasis.  In order to prevent 
post-surgical recurrence, chemotherapy is a preferred 
adjunctive treatment. Accordingly, molecular mechanisms 
of CCA genesis and progression need to be studied to 
identify the targets for chemoprevention and treatment.
	 MicroRNAs (miRNAs) are a class of small noncoding 
RNAs that regulate the expression of target genes by 
interacting with the 3’UTR and promoting translational 
repression or degradation of mRNAs (Peek and Blaser, 
2002; Pillai, 2005). In recent years, abnormalities in 
miRNA expression have been identified in the progression 
of various cancers and consequently have been proposed 
as potential targets for anticancer therapies (Croce, 
2008). miRNAs have been shown to function as both 
tumor suppressors or oncogenes in various cancers 
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Abstract

	 Altered miRNA expression could be a determinant of cancer development and/or progression. We aimed 
to study the role of oncomir miR-21 and tumor suppressor let-7a in the genesis of Opisthorchiasis-associated 
cholangiocarcinoma (CCA). The results showed that miR-21 was up-regulated while let-7a was down-regulated 
during cholangiocarcinogenesis in the hamster model and also in human CCA samples. The expression level 
of miR-21 had an inverse correlation with the mRNA level of its target RECK, a metastasis suppressor, in 
human CCA. Knockdown of miR-21 of KKU100 CCA cells significantly increased the mRNA level of RECK 
and suppressed the wound-induced migration of CCA cells. Our data suggest that miR-21 is one key molecule 
playing crucial roles in the CCA growth and metastasis. Manipulation of miRNA expression offers a potential 
avenue of CCA therapy.  
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(Kent and Mendell, 2006; He et al., 2007). Among these 
oncogenic miRNAs, miR-21 has been identified as the 
top-rank upregulated miRNA in various types of cancers 
as reviewed by Krichevsky and Gabriely (2009). miR-
21 has been linked with inflammation-related cancers 
by activating its expression via inflammatory mediators 
such as interleukin 6 (IL6) (Schetter et al., 2010) through 
a signal transducers and activators of transcription 3 
(STAT3)-dependent mechanism (Loffler et al., 2007) and 
stimulating maturation via transforming growth factor β 
(TGFβ) through the Smads signaling cascade (Hata and 
Davis, 2009). miR-21 emerges as a principal regulator 
targeting to mRNAs of several tumor suppressor genes. 
	 One of well-characterized miR-21 targets that has 
recently been reported is the metastasis suppressor 
RECK (Reversion-inducing cysteine rich protein with 
Kazal motifs) (Gabriely et al., 2008; Reis et al., 2012; 
Zhang et al., 2008). RECK functions as the inhibitor of 
metalloproteinases (MMPs) that play roles in regulation of 
extracellular matrix and basement membrane degradation, 
which is the key step of cancer metastasis (Oh et al., 
2001). Recently, we demonstrated that RECK was 
downregulated in CCA tissues and cell cultures and the 
RECK level was inversely correlated with MMP-2 and 
MMP-9 expressions. Low level of RECK protein was 
associated with poor survival of CCA patients (Namwat 
et al., 2011). Knockdown of RECK using siRNA resulted 
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in the elevation of the gelatinase activity of MMP-2/-9 and 
increasing CCA cell invasion (Namwat et al., 2011). 
	 Down-regulation of tumor suppressor miRNAs is 
frequently found in cancer progression. let-7a, the first 
identified miRNA originally isolated from Caenorhabditis 
elegans, was found to act as a tumor suppressor directly 
regulating RAS and HMGA2 oncogenes (Johnson et al., 
2005; Lee and Dutta, 2007; Qian et al., 2009). Transfection 
of let-7a into the MCF-7 breast cancer cell line suppressed 
migration and invasion through down-regulation of 
C-C chemokine receptor type 7 (Kim et al., 2012). let-
7a, however, has not been elucidated its profile in the 
carcinogenesis of CCA that is associated with the liver 
fluke infection.
	 In the present study, we examined the expression 
patterns of miR-21 and let-7a in the genesis of Ov-
associated CCA in both animal model and human surgical 
materials. Effects of miR-21 knockdown on RECK 
expression and CCA cell migration were also determined 
to exhibit an encouraging therapeutic approach for CCA.
 
Materials and Methods

Animals and tumor induction 
	 Frozen liver samples were obtained from the previous 
study of the induction of CCA in male Syrian golden 
hamsters by Ov metacercariae infection combined 
with N-nitrosodimethylamine (NDMA) treatment 
(Dechakhamphu et al., 2010). The animal experiments 
were conducted according to the guidelines of the 
National Committee of Animal Ethics. The protocol was 
approved by the Animal Ethics Committee of the Faculty 
of Medicine, Khon Kaen University, Thailand. 

Patients and samples
	 Ten pairs of tumor and non-tumorous tissues of 
frozen intrahepatic CCA specimens from primary 
tumors of patients, collected from 2002 to 2004, were 
obtained from the specimen bank of the Liver Fluke 
and Cholangiocarcinoma Research Center, Faculty of 
Medicine, Khon Kaen University, Khon Kaen, Thailand. 
Written informed consent was attained from all patients in 
accordance with the Declaration of Helsinki and its later 
revision. The Human Research Ethics Committee, Khon 
Kaen University (#HE4320 and #HE471214), approved 
the research protocol. 

Cell culture, chemicals, and reagents 
	 The KKU100 CCA cell lines used in this study was 
established at the Liver Fluke and Cholangiocarcinoma 
Research Center, Khon Kaen University, Thailand. The 
cell line was cultured in HAM-F12 medium supplemented 
with 10% heat-inactivated fetal bovine serum (FBS), 100 
U/ml penicillin, and 100 mg/ml streptomycin at 37°C with 
5% CO2. All other chemicals used were of analytical grade.

Quantitative reverse transcription-polymerase chain 
reaction (qRT-PCR) analysis
	 Total RNA was isolated from tissues with Trizol 
reagent (Invitrogen, Carlsbad, CA). To analyze the 
expression levels of miR-21 and let-7a, miRNA specific 

reverse transcription was performed with 100 ng total RNA 
using the TaqMan® MicroRNA Reverse Transcription Kit 
(Applied Biosystems, Foster City, CA, USA) as described 
by the manufacturer for miR-21, let-7a. U6 small nuclear 
RNA was used for normalization. qPCR was performed 
using the TaqMan® microRNA Assay Kit in an ABI7500 
Real Time PCR System (Applied Biosystems).
	 To determine the expression level of RECK mRNA, 
2 μg of RNA was reverse transcribed into cDNA using 
RevertAid M-MuLV reverse transcriptase (Fermentas, 
Burlington, CA) and random hexamers (Promega, 
Madison, WI). qPCR was performed with TaqMan® Gene 
Expression Assay reagent kits (Applied Biosystems) in an 
ABI7500 Real Time PCR System (Applied Biosystems).  
Expression levels of target genes were calculated relative 
to that of GAPDH.

Transient knock down of miR-21
	 The KKU100 CCA cells (3×105) with high endogenous 
miR-21 gene expression were seeded in a 12-well plate 
for 24 h prior to transfection with the anti-miRTM miRNA 
inhibitor specific for miR-21 and validated non-targeting 
siRNAs (negative controls) (Ambion, Foster City, CA) 
using RNAiMAX Transfection Agent (Invitrogen), 
according to the manufacturer’s instructions. The final 
concentration of anti-miR-21 was 41 nM. Cells were 
cultured for 48 h to achieve complete transfection. Levels 
of miR-21 and RECK mRNA were determined by qRT-
PCR assay.

Wound-induced cell migration assay 
	 To investigate wound-induced CCA cell migration, 
a wound healing assay was performed as previously 
described (Lampugnani, 1999) with some modifications. 
Cells were seeded and allowed to grow until 100% 
confluence was reached. Anti-miR-21 was introduced 
48 hours to knockdown the endogenous miR-21 prior 
to the start of the assay. A wound was then generated by 
scratching a straight line on the culture. Cells were washed 
to remove dislodged cells and anti-miR-21 containing 
medium was replaced with normal medium. Migration of 
cells into denuded areas was monitored and visualized by a 
phase contrast microscope with a digital camera (Axiovert 
40, Germany).

Statistical analysis
	 Results were presented as the mean±SD and evaluated 
for the statistical significance using the independent t-test 
or Mann-Whitney test if data did not assume Gaussian 
distributions. The significant difference was considered 
at P≤0.05.

Results 

Expression pattern of miR-21 and let-7a in the 
carcinogenesis of Ov plus NDMA-induced hamster CCA 
model
	 Our results demonstrated that the expression of miR-21 
was significantly increased in hamster liver tissues after 
Ov plus NDMA administration on week 8, 12 and 16 and 
persistently upregulated in hamsters up to week 24 when 
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the CCA developed (Figure 1A). let-7a expression in Ov 
plus NDMA induced CCA tissues was found to be the 
highest level on week 3 compared with the untreated group 
(Figure 1B). Expression levels of let-7a were persistently 
increased on week 8, 12 and 16 albeit at lower levels than 
those on week 3 (Figure 1B). It was noted that the level 
of let-7 was not markedly upregulated on week 24 and 
the level was lowest compared with other treated groups. 
In overall, the expression of miR-21 was increased while 
those of let-7 were decreased along the carcinogenesis. 
Expression levels of miR-21 and let-7a in clinical samples

	 The expression profiles of miR-21 and let-7a in the 
human CCA tissues (n=10 cases) were analyzed using 
qRT-PCR. In Figure 2, the results showed that miR-21 
expression level in tumor tissues was significantly higher 
than those in non-tumorous tissues. In contrast, the 
expression of let-7a was markedly low in both tumor and 
non-tumorous tissues. 

Downregulation of the target of miR-21 in human CCA 
tissues 
	 To elucidate the significance of overexpression of 

Figure 1. Quantitative Real-time–polymerase Chain 
Reaction Assay was Performed to Determine the 
Expression Levels of miR-21 (1A) and let-7a (1B) 
in the Hamster Liver Tissues at Different Times 
after Treatment with Opisthorchis viverrini Plus 
N-nitrosodimethylamine (NDMA). A 100 ng of total 
RNA was reverse- transcribed and the diluted cDNA (1:3) was 
subjected to TaqMan® MicroRNA Reverse Transcription Kit 
(Applied Biosystems). Expression levels of miR-21 and let-7a 
were calculated relative to that of U6 small nuclear RNA. Data 
are shown as mean±SD. Asterisks denote significant increases 
in the expression compared with the control. *P<0.05.

A)

B)

Figure 2. qRT-PCR Assay for miR-21 and let-7a Levels 
in 10 Matched Pair Cases of Tumor and Non-tomorous 
Tissues of Human Intrahepatic CCA. A 100 ng of total 
RNA was reversed transcribed and diluted cDNA (1:3) was 
subjected to TaqMan® MicroRNA Reverse Transcription Kit 
(Applied Biosystems). Expression levels of miR-21 and let-7a 
were calculated relative to that of U6 small nuclear RNA. Data 
are shown as mean±SD. Asterisks denote significant increases 
in the expression compared with non-tumorous tissues. *P<0.05.

Figure 3. qRT-PCR Assay of RECK mRNA Level in 
10 Matched Pair Cases of Tumor and Non-tumorous 
Tissues of Human Intrahepatic CCA. Two μg of total 
RNA was reversed transcribed and subjected to quantitative 
polymerase chain reaction (qPCR) with the TaqMan® Gene 
Expression Assay (Applied Biosystems). Expression levels of 
RECK mRNA were calculated relative to that of glyceraldehyde 
phosphate dehydrogenase (GAPDH). Data are shown as 
mean±SD.

Figure 4. Effect of Anti-miR-mediated Knockdown 
of miR-21 on miR-21 Level (A), RECK mRNA (B), 
and Wound-induced Migration (C) in the Human 
KKU100 CCA Cell Line. KKU100 Cells (3×105) were 
Transfected with 41 nM of Anti-miR-21 for 48 h, 
and miR-21 and RECK Expression was Investigated 
by qRT-PCR. Anti-miR-21 was introduced 48 hours to 
knockdown the endogenous miR-21 prior to the start of the 
assay. A wound was then generated by scratching a straight line 
on the culture. Cells were washed to remove dislodged cells 
and anti-miR-21 containing medium was replaced with normal 
medium. Migration of cells into denuded areas was monitored 
and visualized by a phase contrast microscope.
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Table 1. Pathological Characteristics of CCA Patients
Sample ID.	 Age	 Gender	 Histological	Metastasis	 Vascular
	 (Year)		  finding	 invasion

Q06	 67	 M	 PD	 P	 P
Q41	 67	 M	 PP	 P	 P
Q48	 67	 F	 MD	 P	 N
Q66	 51	 F	 WD	 P	 P
Q71	 65	 M	 WD	 P	 P
Q89	 40	 M	 PP	 P	 N
Q93	 51	 M	 MD	 P	 N
Q99	 59	 M	 PP	 P	 N
R92	 66	 M	 PP	 N	 N
R93	 44	 M	 T+M	 P	 P

*PD - poorly differentiated, WD - well-differentiated, PP - 
papillary, MD - moderately differentiated, T+M – mixed tubular 
and mucinous adenocarcinoma
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the miR-21, expression levels of RECK mRNA, a target 
of miR-21, was examined in human CCA tissues (n=10 
cases) using qRT-PCR. As shown in Figure 3, RECK 
mRNA was less expressed in tumor tissues than non-
tumorous tissues albeit non-significant difference. 

Effects of miR-21 knockdown on RECK expression and 
the migration of the KKU100 cell line
	 KKU100 cells transfected with anti-miR-21 showed 
50% suppression of miR-21 mature sequence (Figure 4A). 
Upon 48 h of transfection, the miR-21-depleted KKU100 
cells showed significantly elevated levels of RECK 
mRNA (P<0.05) (Figure 4B) and retarded wound-induced 
migration at 32 h (Figure 4C).
 
Discussion

Altered expression of microRNAs has been widely 
described as a key modification in many different cellular 
processes including metabolism, apoptosis, differentiation, 
and development (Wang and Lee, 2009). In cancer, 
microRNA sequences have been discovered and function 
as oncogenic factors and tumor suppressors that play 
roles in networking of tumor progression and metastasis 
processes. Among those, miR-21 has been shown to be 
upregulated in many cancers such as glioma (Chan et al., 
2005), breast cancer (Zhu et al., 2008), ovarian cancer 
(Iorio et al., 2007), hepatocellular carcinoma (Meng 
et al., 2007), colorectal cancer (Asangani et al., 2008), 
prostate cancer (Volinia et al., 2006) and CCA (Chen et 
al., 2009; Selaru et al., 2009). let-7 was first identified in 
Caenorhabditis elegans (Reinhart et al., 2000). It is less 
expressed in the embryonic stage of development, but 
becomes more abundant in later stages of development 
(Lee et al., 2005). Previous reports demonstrated that 
a reduced expression level of let-7 was commonly 
found in lung tumors (Takamizawa et al., 2004), colon 
cancer (Akao et al., 2006) and prostate cancer (Dong et 
al., 2010). let-7 retards cellular proliferation by down-
regulating the oncogenes RAS/c-MYC and HMGA-2 
at the translational level (Johnson et al., 2005; Lee and 
Dutta, 2007). Our results revealed that the genesis of 
Ov-associated CCA increased the ratio of oncomir per 
tumor suppressor miRNAs presenting as upregulation of 

miR-21 but low-expression of let-7a. CCA is a chronic 
inflammation-related cancer that presents the high level of 
IL-6 (Sripa et al., 2012), possibly leading to the stimulation 
of miR-21 expression (Schetter et al., 2010). Our study 
also demonstrated the Ov-associated CCA suppressed the 
expression of let-7a in which RAS activation (Petmitr et 
al., 1998) is, possibly due to, in part, down-regulation of 
let-7a. 

miR-21 defined as an oncomir regulates the protein 
translation of mRNA targets such as the metastasis 
suppressor RECK (Gabriely et al., 2008; Reis et al., 
2012; Zhang et al., 2008), proapoptotic protein PDCD4 
(Frankel et al., 2008) and tumor suppressor PTEN (Meng 
et al., 2007). The roles of miR-21 studied in cancers are 
to regulate cellular proliferation, migration and invasion 
(Krichevsky and Gabriely, 2009). In the present study, we 
demonstrated the role of miR-21 on the migration ability 
of CCA cell culture. Knockdown of miR-21 resulted in 
reduced wound-induced migration ability of KKU100 
cells and induction of RECK expression level, as similar 
to the results observed for glioma, prostate cancer and 
gastric cancer cells. Therefore, suppression of miR-21 
in CCA cells may be a potential therapeutic approach 
for CCA therapy. Further investigation on the insight of 
molecular mechanisms by which miR-21 regulates the 
networking of CCA progression is underway.

 
Acknowledgements 

This study was supported by the Thailand Research 
Fund through the Royal Golden Jubilee Ph.D. Program 
(Grant no PHD/0226/2551) to P.C. and P.Y., a grant from 
Khon Kaen University to N.N., a grant from a Mid-Career 
Grant (RSA5280007), Thailand Research Fund, to N.N. 
and the Invitation Research Grant (I53106) from the 
Faculty of Medicine, Khon Kaen University, Thailand to 
N.N. We wish to acknowledge the Khon Kaen University 
Publication Clinic, Research and Technology Transfer 
Affairs, Khon Kaen University, for English-language 
presentation of the manuscript.

References

Akao Y, Nakagawa Y, Naoe T (2006). Let-7 microRNA functions 
as a potential growth suppressor in human colon cancer cells. 
Biol Pharm Bull, 29, 903-6. 

Asangani IA, Rasheed SA, Nikolova DA, et al (2008). 
MicroRNA-21 (miR-21)  post - t ranscr ip t ional ly 
downregulates tumor suppressor Pdcd4 and stimulates 
invasion, intravasation and metastasis in colorectal cancer. 
Oncogene, 27, 2128-36. 

Chan JA, Krichevsky AM, Kosik KS (2005). MicroRNA-21 is 
an antiapoptotic factor in human glioblastoma cells. Cancer 
Res, 65, 6029-33. 

Chen L, Yan HX, Yang W, et al (2009). The role of microRNA 
expression pattern in human intrahepatic cholangiocarcinoma. 
J Hepatol, 50, 358-69. 

Croce CM (2008). Oncogenes and cancer. New Engl J Med, 
358, 502-11. 

Dechakhamphu S, Pinlaor S, Sitthithaworn P, Bartsch H, 
Yongvanit P (2010). Accumulation of miscoding etheno-
DNA adducts and highly expressed DNA repair during liver 



Asian Pacific Journal of Cancer Prevention, Vol 13, 2012 69

DOI:http://dx.doi.org/10.7314/APJCP.2012.13.KKSuppl.65
Expression Profiles of miR-21 and let-7a in Opisthorchis-Associated Cholangiocarcinoma

fluke-induced cholangiocarcinogenesis in hamsters. Mutat 
Res, 691, 9-16. 

Dong Q, Meng P, Wang T, et al (2010). MicroRNA let-7a inhibits 
proliferation of human prostate cancer cells in vitro and in 
vivo by targeting E2F2 and CCND2. PLoS One, 5, 10147. 

Frankel LB, Christoffersen NR, Jacobsen A, et al (2008). 
Programmed cell death 4 (PDCD4) is an important functional 
target of the microRNA miR-21 in breast cancer cells. J Biol 
Chem, 283, 1026-33. 

Gabriely G, Wurdinger T, Kesari S, et al (2008). MicroRNA 
21 promotes glioma invasion by targeting matrix 
metalloproteinase regulators. Mol Cell Biol, 28, 5369-80. 

Haswell-Elkins MR, Mairiang E, Mairiang P, et al (1994). 
Cross-sectional study of Opisthorchis viverrini infection and 
cholangiocarcinoma in communities within a high-risk area 
in northeast Thailand. Int J Cancer, 59, 505-9. 

Hata A, Davis BN (2009). Control of microRNA biogenesis by 
TGFbeta signaling pathway-A novel role of Smads in the 
nucleus. Cytokine Growth F R, 20, 517-21. 

He L, He X, Lowe SW, Hannon GJ (2007). microRNAs join 
the p53 network--another piece in the tumour-suppression 
puzzle. Nat Rev Cancer, 7, 819-22. 

Iorio MV, Visone R, Di Leva G, et al (2007). MicroRNA 
signatures in human ovarian cancer. Cancer Res, 67, 8699-
707. 

Johnson SM, Grosshans H, Shingara J, et al (2005). RAS is 
regulated by the let-7 microRNA family. Cell, 120, 635-47. 

Kent OA, Mendell JT (2006). A small piece in the cancer puzzle: 
microRNAs as tumor suppressors and oncogenes. Oncogene, 
25, 6188-96. 

Kim SJ, Shin JY, Lee KD, et al (2012). MicroRNA let-7a 
suppresses breast cancer cell migration and invasion through 
downregulation of C-C chemokine receptor type 7. Breast 
Cancer Res, 14, 14. 

Krichevsky AM, Gabriely G (2009). miR-21: a small multi-
faceted RNA. J Cell Mol Med, 13, 39-53. 

Lampugnani MG (1999). Cell migration into a wounded area in 
vitro. Methods Mol Biol, 96, 177-82. 

Lee YS, Kim HK, Chung S, Kim KS, Dutta A (2005). Depletion 
of human micro-RNA miR-125b reveals that it is critical 
for the proliferation of differentiated cells but not for the 
down-regulation of putative targets during differentiation. 
J Biol Chem, 280, 16635-41. 

Lee YS, Dutta A (2007). The tumor suppressor microRNA let-7 
represses the HMGA2 oncogene. Gene Dev, 21, 1025-30. 

Loffler D, Brocke-Heidrich K, Pfeifer G, et al (2007). 
Interleukin-6 dependent survival of multiple myeloma cells 
involves the Stat3-mediated induction of microRNA-21 
through a highly conserved enhancer. Blood, 110, 1330-3. 

McLean L, Patel T (2006). Racial and ethnic variations in the 
epidemiology of intrahepatic cholangiocarcinoma in the 
United States. Liver Int, 26, 1047-53. 

Meng F, Henson R, Wehbe-Janek H, et al (2007). MicroRNA-21 
regulates expression of the PTEN tumor suppressor gene 
in human hepatocellular cancer. Gastroenterology, 133, 
647-58. 

Namwat N, Puetkasichonpasutha J, Loilome W, et al (2011). 
Downregulation of reversion-inducing-cysteine-rich 
protein with Kazal motifs (RECK) is associated with 
enhanced expression of matrix metalloproteinases and 
cholangiocarcinoma metastases. J Gastroenterol, 46, 664-75. 

Oh J, Takahashi R, Kondo S, et al (2001). The membrane-
anchored MMP inhibitor RECK is a key regulator of 
extracellular matrix integrity and angiogenesis. Cell, 107, 
789-800. 

Peek RM, Blaser MJ (2002). Helicobacter pylori and 
gastrointestinal tract adenocarcinomas. Nat Rev Cancer, 

2, 28-37. 
Petmitr S, Pinlaor S, Thousungnoen A, Karalak A, Migasena 

P (1998). K-ras oncogene and p53 gene mutations in 
cholangiocarcinoma from Thai patients. Southeast Asian J 
Trop Med Public Hlth, 29, 71-5. 

Pillai RS (2005). MicroRNA function: multiple mechanisms for 
a tiny RNA? RNA, 11, 1753-61. 

Qian ZR, Asa SL, Siomi H, et al (2009). Overexpression of 
HMGA2 relates to reduction of the let-7 and its relationship 
to clinicopathological features in pituitary adenomas. 
Modern Pathol, 22, 431-41. 

Reinhart BJ, Slack FJ, Basson M, et al (2000). The 21-nucleotide 
let-7 RNA regulates developmental timing in Caenorhabditis 
elegans. Nature, 403, 901-6. 

Reis ST, Pontes-Junior J, Antunesnes AA, et al (2012). miR-
21 may acts as an oncomir by targeting RECK, a matrix 
metalloproteinase regulator, in prostate cancer. BMC Urol, 
12, 14. 

Schetter AJ, Heegaard NH, Harris CC (2010). Inflammation and 
cancer: interweaving microRNA, free radical, cytokine and 
p53 pathways. Carcinogenesis, 31, 37-49. 

Selaru FM, Olaru AV, Kan T, et al (2009). MicroRNA-21 
is overexpressed in human cholangiocarcinoma and 
regulates programmed cell death 4 and tissue inhibitor of 
metalloproteinase 3. Hepatology, 49, 1595-601. 

Sripa B, Kaewkes S, Sithithaworn P, et al (2007). Liver fluke 
induces cholangiocarcinoma. PLoS Med, 4, 201. 

Sripa B, Thinkhamrop B, Mairiang E, et al (2012). Elevated 
plasma IL-6 associates with increased risk of advanced 
fibrosis and cholangiocarcinoma in individuals infected 
by Opisthorchis viverrini. PLoS Neglect Trop D, 6, 1654. 

Takamizawa J, Konishi H, Yanagisawa K, et al (2004). Reduced 
expression of the let-7 microRNAs in human lung cancers 
in association with shortened postoperative survival. Cancer 
Res, 64, 3753-6. 

Volinia S, Calin GA, Liu CG, et al (2006). A microRNA 
expression signature of human solid tumors defines cancer 
gene targets. Proc Natl Acad Sci USA, 103, 2257-61. 

Wang Y, Lee CG (2009). MicroRNA and cancer--focus on 
apoptosis. J Cell Mol Med, 13, 12-23. 

Zhang Z, Li Z, Gao C, et al (2008). miR-21 plays a pivotal role 
in gastric cancer pathogenesis and progression. Lab Invest, 
8, 1358-66. 

Zhu S, Wu H, Wu F, et al (2008). MicroRNA-21 targets tumor 
suppressor genes in invasion and metastasis. Cell Res, 18, 
350-9.


